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1
SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2013-258493,
filed Dec. 13, 2013, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device and a method of manufacturing the semi-
conductor device.

BACKGROUND

In a semiconductor device used in a portable communica-
tion device, leakage of electromagnetic energy from the semi-
conductor device needs to be suppressed to prevent interfer-
ence with the communication characteristics of the portable
device. Therefore, a semiconductor package including an
electromagnetic shield is applied over the active semiconduc-
tor components of the device. An example of a shielded
semiconductor package is packaging including a conductive
shield layer provided along outside surfaces of a sealing resin
layer that seals semiconductor chips mounted on a substrate.

DESCRIPTION OF THE DRAWINGS

FIG. 1 s a cross sectional view illustrating an example of a
configuration of a semiconductor device according to a first
embodiment.

FIGS. 2(a) and 2(b) are cross sectional views illustrating an
example of a cross section and a cut plane of a wiring layer in
the vicinity of a region X of the semiconductor device illus-
trated in FIG. 1.

FIG. 3 is a flowchart illustrating an example of processes of
the method of manufacturing the semiconductor device illus-
trated in FIG. 1.

FIGS. 4(a) and 4(b) are cross sectional views illustrating an
example of a cross section of a wiring layer before a substrate
is cut.

FIGS. 5(a) and 5(b) are cross sectional views illustrating an
example of a cross section and a cut plane of the wiring layer
after the substrate is cut.

FIGS. 6(a) and 6(b) are cross sectional views illustrating
another example of a cross section and a cut plane of the
wiring layer in the vicinity of the region X of the semicon-
ductor device illustrated in FIG. 1.

FIGS. 7(a) and 7(b) are cross sectional views illustrating
another example of a cross section of the wiring layer before
the substrate is cut.

FIGS. 8(a) and 8(b) are cross sectional views illustrating
another example of a cross section and a cut plane of the
wiring layer after the substrate is cut.

FIG. 9 is a diagram illustrating an SEM image of the cut
plane of the wiring layer.

DETAILED DESCRIPTION

Embodiments provide a semiconductor device that may
decrease the leakage of extraneous electromagnetic wave,
and a method of manufacturing the semiconductor device.
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2

In general, according to one embodiment, a semiconductor
device includes a substrate which has wiring layers including
a grounding wire and on which pad electrodes are provided.
The semiconductor device includes semiconductor chips
mounted on the substrate. The semiconductor device includes
bonding wires that electrically connect the semiconductor
chips and the pad electrodes. The semiconductor device
includes a sealing resin layer which is provided on an upper
surface of the substrate so that the semiconductor chips and
the bonding wires are sealed therein. The semiconductor
device includes a conductive shield layer that has an upper
portion provided to cover the upper surface of the sealing
resin layer and side portions provided to cover side surfaces of
the sealing resin layer and side surfaces of the substrate.

Inthe embodiments, end portions of the wiring layers at the
cut edge of the wiring substrate have a cut plane where the
dicing saw has passed there through in the thickness direction
of the wiring board substrate during singulation of semicon-
ductor devices from a wiring board substrate, and at which the
ends of the wiring layers are exposed to the side surfaces of
the substrate. The cut plane of the grounding wire, located
among the cut planes of the wiring layers, is then electrically
connected to the shield layer. The area of the cut plane of the
grounding wire is larger than an area of a cross section of the
grounding wire parallel to the cut plane of the grounding wire,
i.e., the cross sectional area of the grounding wire immedi-
ately inward of the location of the cut plane is smaller than
that of the grounding wire it the edge of the substrate, where
the dicing saw has stretched or smeared the grounding wire
material such that it is spread over adjacent surfaces of the
wiring substrate cut from a wiring board substrate.

Hereinafter, embodiments are described with reference to
the drawings. Further, in the embodiments described below,
upper and lower directions of a substrate indicate relative
directions when the surface of the substrate on which a semi-
conductor chip(s) are mounted is the top, which may be
different from the upper and lower directions according to the
gravitational acceleration.

In addition, according to the embodiments described
below, an example of a semiconductor device (semiconductor
package) is shown configured as a Ball Grid Array (BGA), but
the semiconductor device (semiconductor package) may also
be configured as a Land Grid Array (LGA) in the same man-
ner.

(First Embodiment)

FIG. 1is a cross sectional view illustrating an example of a
configuration of a semiconductor device 10 according to a
first embodiment.

As illustrated in FIG. 1, the semiconductor device 10
includes a substrate 2, an external connection terminal 3,
semiconductor chips 1a to 1/ and 11, bonding wires 4a, 45,
5a, 5b, and 12, a sealing resin layer (molded resin) 6, and a
conductive shield layer 8.

The substrate 2 has wiring layers including a grounding
wire. Pad electrodes 4al, 451, 5al, 5b1, and 12a which are
electrically connected to the wiring layers are provided on the
upper surface of the substrate 2. Furthermore, a signal wire, a
grounding wire, and the like of the wiring layer are provided
on the upper surface of the substrate 2 (not illustrated).

For example, as illustrated in FIG. 1, the wiring layers of
the substrate 2 include a first wiring layer 2a, a second wiring
layer 25, and a third wiring layer 2c.

The first wiring layer 2a is provided on the upper surface of
the substrate 2, and electrically connected to each of the pad
electrodes.

The second wiring layer 25 is provided on the lower surface
of the substrate 2.
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The third wiring layer 2¢ is provided within, and extends
across the substrate, between the first wiring layer 2q and the
second wiring layer 256. The third wiring layer 2¢ may include
one or more generally planar traces or thin lines of'a conduc-
tive material, which extend within the wiring substrate 2 at
least from the right end to the left end of the wiring substrate
as shown in FIG. 2, but may also extend inwardly and out-
wardly of the page of FIG. 2 to the cut ends extending
between the cut ends at the left and right ends of the substrate
2 in FIG. 2. Accordingly, portions (end portions) of the third
wiring layer 2¢ have a cut, generally planar, surface, herein-
after the cut plane, which is exposed at the side surfaces of the
substrate 2 by cutting the substrate 2 in the thickness direction
thereof. Further, as described below, the cut plane of the third
wiring layer 2¢ extend over portions of the side surfaces
created by cutting the substrate 2 using a dicing saw.

Further, in the example of FIG. 1, the grounding wire is
provided as the third wiring layer 2c. The grounding wire
uses, for example, a metal material. Accordingly, for
example, any one of gold, silver, copper, aluminum, nickel,
palladium, and tungsten is used as the metal material.

In addition, the substrate 2 further includes a first insulating
layer 9a and a second insulating layer 9.

The first insulating layer 9a is provided between the first
wiring layer 2a and the third wiring layer 2c.

The second insulating layer 956 is provided between the
second wiring layer 26 and the third wiring layer 2c.

In addition, the substrate 2 includes via holes 15 that extend
through the substrate 2 to electrically connect the wiring
layers 2a, 2b, and 2¢. Each of the via holes 15 includes a
conductive layer 13 formed on the inner surface of a via hole
15 that extends through the substrate 2 and a filling material
14 with which a hollow portion within the envelope of the
conductive layer 13 is filled.

The semiconductor chips 1a to 1/ are mounted on the
upper surface of the substrate 2.

Here, the semiconductor chips 1a to 1/ are, for example,
sequentially stacked on the upper surface of the substrate 2 as
illustrated in FIG. 1. The lowermost positioned semiconduc-
tor chip 1a is disposed on the upper surface of the substrate 2
using a solderresist layer (not illustrated) so as to be bond, but
electrically isolate, the underside of semiconductor chip 1a
with respect to the upper surface if the substrate 2.

The semiconductor chips 1a to le are electrically con-
nected to the pad electrodes 4al and 5a1 by the bonding wires
4a and 5a. In addition, the semiconductor chips 1fto 1/ are
electrically connected to the pad electrodes 451 and 551 by
the bonding wires 4b and 55.

The semiconductor chips la to 14 are, for example,
NAND-type flash memories.

In addition, the semiconductor chip 11 is disposed on the
upper surface of the substrate 2 with a solder resist layer (not
illustrated) interposed therebetween to secure, but isolate, the
underside of the semiconductor chip 11 from the upper sur-
face of substrate 2. The semiconductor chip 11 is electrically
connected to the pad electrode 12a by the bonding wire 12.

The semiconductor chip 11 is, for example, a NAND-type
flash memory controller.

In addition, the sealing resin layer 6 is provided on the
upper surface of the substrate 2 and over the semiconductor
chips disposed thereon so as to seal the semiconductor chips
1a to 1% and 11 and the bonding wires 4a, 45, 5a, 5b, and 12
therewithin.

Concave portions 7 are formed on the upper surface of the
sealing resin layer 6.

The shield layer 8 is provided on the surface of the sealing
resin layer 6. The shield layer 8 is conductive. The shield layer
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8 includes, for example, an upper portion 8a provided to cover
the upper surface of the sealing resin layer 6, and the side
portions 85 and 8¢ provided to cover the side surfaces of the
sealing resin layer 6 and the side surfaces of the substrate 2 as
illustrated in FIG. 1.

Accordingly, the cut plane of the third wiring layer 2¢
forming the grounding wire is electrically connected to the
inner facing surface of the side portion 8¢ of the shield layer
8.

In addition, with respect to the shield layer 8, identification
marks M having the concave form of the concave portions 7
of'the sealing resin layer 6 are formed on the upper portion 8a
by the conformal forming of the shield layer 8 on the sealing
resin layer 6.

Here, since at least a portion of extraneous electromagnetic
energy (waves) emitted from the semiconductor chips 1a to
1/ and 11 or the wiring layers of the substrate 2 are insulated
from the exterior or the semiconductor device 10 by the
sealing resin layer 6 and the shield layer 8 that covers side
surfaces of the substrate 2, the leakage of electromagnetic
energy to the area outside of the sealing resin layer 6 and
shield layer 8 is suppressed.

The shield layer 8 is preferably formed of a metal layer that
has low resistivity in order to suppress the leakage of the
extraneous electromagnetic energy (waves) emitted from the
wiring layers of the substrate 2 or the semiconductor chips 1a
to 1% and 11 in the sealing resin layer 6. Therefore, a metal
layer including, for example, copper, silver, or nickel or com-
binations thereof may be selected as the shield layer 8.

In addition, the external connection terminal 3 is provided
on the lower surface of the substrate 2, and electrically con-
nected to the wiring layer (the second wiring layer 25) in the
substrate 2. The external connection terminal 3 is, for
example, a plurality of solder balls connected to individual
wiring layer 25 contact portions.

Further, the aforementioned grounding wire formed of the
third wiring layer 2c¢ is electrically connected to an electrical
ground exterior to the semiconductor device 10 through one
of the solder balls or other terminal structures of the external
connection terminal 3, thus also connecting the shield layer 8
to ground.

According to this, extraneous electromagnetic energy
(waves) is transmitted to electrical ground, and thus leakage
of'the extraneous electromagnetic energy through the sealing
resin layer 6 and shield layer 8 may be suppressed.

Here, FIGS. 2(a) and 2(b) are cross sectional views illus-
trating an example of a cross section and a cut plane of a
wiring layer in the vicinity of a region X (lower right corner)
of'the semiconductor device 10 illustrated in FIG. 1. F1G. 2(a)
is a cross sectional view illustrating the vicinity of the region
X of FIG. 1. FIG. 2(b) is a cross sectional view illustrating a
boundary between the substrate 2 and the side portion 8¢ of
the shield layer 8 in the region X of FIG. 1 when viewed from
the side portion 8¢ of the shield layer 8. In addition, through
two grounding wires GND are shown in FIG. 2 (b), three or
more grounding wires GND may be provided, or only one
wide grounding wire GND extending across, or nearly across,
the depth direction of the substrate 2 of FIG. 1. may be
provided within the substrate 2 as the third wiring layer 2c.

Portions (end portions) of the third wiring layers 2¢ (the
grounding wires GND) each have a cut plane 2¢1 which
includes the surface of the third wiring layer 2¢ which is cut
when individual semiconductor devices 10 are singulated
from a single wiring board substrate, which cut planes 2¢1 are
exposed on the side surfaces of the substrate 2 and extend in
the thickness direction of the substrate 2 as illustrated in
FIGS. 2(a) and 2(b). Accordingly, the cut plane of the ground-
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ing wire GND is connected to the side portion 8¢ of the shield
layer 8 (FIG. 2(a)) when the shield layer 8 is formed there-
over. That is, the shield layer 8 and the grounding wire GND
are electrically connected to each other at the cut plane 2¢1 of
the grounding wire GND.

As a result of the rubbing of the dicing saw against the
relatively ductile, as compared to the composition of the
wiring board 2 and sealing resin 6, wiring 2¢ material, the size
of'the cut plane of the grounding wire GND is larger than the
size of the cross section of the grounding wire GND parallel
to the cut plane immediately inwardly of the end of the wiring
substrate 2 therefrom at (the inner surface of the side portion
8¢ of the shield layer 8) (FIGS. 2(a) and 2(b)). This enhances
the connection state between the shield layer 8 and the
grounding wire GND because the surface area of connection
therebetween is increased. That is, it is possible to decrease
the contact resistance between the shield layer 8 and the
grounding wire GND. According to this, it is possible to
further decrease the leakage of the extraneous electromag-
netic energy (waves).

Hereinafter, an example of a method of manufacturing the
semiconductor device 10 having the configuration as set forth
above is described. FIG. 3 is a flowchart illustrating an
example of processes of the method of manufacturing the
semiconductor device 10 illustrated in FIG. 1. In addition,
FIGS. 4(a) and 4(b) are cross sectional views illustrating an
example of a cross section of a wiring layer before the sub-
strate 2 is cut. In addition, FIGS. 5(a) and 5(b) are cross
sectional views illustrating an example of across section and
a cut plane of the wiring layer after the substrate 2 is cut from
a wiring board substrate. Further, FIG. 4(a) and FIG. 5(a)
illustrate a region corresponding to the region of the wiring
layer illustrated in (a) of FIG. 2. In addition, FIG. 4(b) and
FIG. 5(b) illustrate a region corresponding to the region of the
wiring layer illustrated in FIG. 2 (5).

As illustrated in the steps set forth in FIG. 3, an aggregate
substrate including a plurality of substrates 2 which have
wiring layers including grounding wires and pad electrodes
thereon is manufactured in Step 101.

Subsequently, semiconductor elements are mounted on a
wiring board substrate in Step 102, which will be singulated
into individual substrates 2 in step 104. Accordingly, the
semiconductor chip 11 and the pad electrode 12a are electri-
cally connected to each other by the bonding wire 12. There-
after, the semiconductor chips la to 1d are mounted
(stacked). Accordingly, the semiconductor chips 1a to 14 and
the pad electrodes 4al and 5al are electrically connected to
each other through the bonding wires 4a and 5a. Thereafter,
the semiconductor chips le to 1% are mounted (stacked).
Accordingly, the semiconductor chips 1e to 1/ and the pad
electrodes 4b1 and 561 are electrically connected to each
other through the bonding wires 4b and 5.

Subsequently, the semiconductor elements on the sub-
strates are sealed by the sealing resin layer (molded resin) 6 in
Step 103. That is, the sealing resin layer 6 is formed on each
of the substrates 2 to seal the semiconductor chips 1a to 1%
and 11, and bonding wires 4a, 4b, 5a, 5b, and 12 from the
external environment.

Subsequently, the substrate 2, together with the wiring
layer is cut by a dicing saw and thus separated (singulated)
into the semiconductor devices (semiconductor packages) 10
in Step 104.

As illustrated in FIGS. 5(a) and 5(b), the size of the cut
plane 2¢1 of the third wiring layer 2¢ (the grounding wire
GND) formed by the cutting by the dicing saw is larger than
the size of the cross section of the grounding wire GND
before the cutting (FIGS. 4(a) and 4 (5)).
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Cutting the grounding wire GND by the dicing saw so that
the size of the cross section of the grounding wire GND after
the cutting thereof’is larger than that before the cutting may be
achieved by adjusting the cutting condition of the cutting
speed, the number of times required for the cutting (cutting
once, or step-cutting in two or more steps), or the like in
addition to adjusting diameters (sizes) of abrasive grains of
the dicing blade, the width ofthe blade, and the material of the
blade.

Subsequently, marking is performed on the upper surface
of the sealing resin layer 6 by laser beam irradiation (the
concave portions 7 are formed) in Step 105.

Subsequently, the shield layer 8 is formed by metal plating
or the like in Step 106.

That is, for example, a method of forming a copper film, a
nickel film, or the like by electroless plating or electroplating,
or a method of forming a copper film or the like by sputtering
is applied to form the conductive shield layer 8 so that the
upper surface of the sealing resin layer 6 is covered and also
the side surfaces of the sealing resin layer 6 and the side
surfaces of the substrate 2 are covered. Accordingly, the
shield layer 8 shows the identification marks M which are
concave in the pattern of the concave portions 7 on the upper
surface of the sealing resin layer 6 on the upper portion 8a.

Here, as described above, the size of the cut plane 2¢1 of the
grounding wire GND becomes larger than that of the cross
section of the grounding wire GND parallel to the cut plane of
the grounding wire GND (the inner surface of the side portion
8c of the shield layer 8) (FIGS. 5(a) and 5(5)).

Therefore, it is possible to enhance the connection state
between the shield layer 8 and the grounding wire GND. That
is, it is possible to decrease the contact resistance between the
shield layer 8 and the grounding wire GND. According to this,
it is possible to further decrease the leakage of the extraneous
electromagnetic wave.

Further, the shield layer 8 may be formed by coating a
conductive paste on the sealing resin 6 and the exposed cut
sides of the substrate 2 by, for example, a transfer method, a
screen printing method, a spray coating method, a jet dis-
pense method, an inkjet method, or an aerosol method. In this
case, the conductive paste desirably includes, for example,
copper or silver, and aresin, as main components, and has low
resistivity.

In this manner, it is possible to decrease the leakage of the
extraneous electromagnetic energy (waves) in the semicon-
ductor device according to the present embodiment.

(Second Embodiment)

In the first embodiment described above, the grounding
wire of the wiring layer is described to be configured with the
main wire portion only.

In the second embodiment, the grounding wire of the wir-
ing layer is configured to include the main wire and further
include a protecting metal film enclosing at least a portion of
the main wire, the protecting metal film having high resis-
tance to oxidation. Further, the overall configuration of the
semiconductor device according to the second embodiment is
the same as that of the semiconductor device 10 according to
the first embodiment illustrated in FIG. 1. In addition, the
processes of the method of manufacturing the semiconductor
device according to the second embodiment is the same as
those illustrated in FIG. 3.

Here, FIGS. 6(a) and 6(b) are cross sectional views illus-
trating another example of a cross section and a cut plane of
the wiring layer 2¢ in the vicinity of the region X of the
semiconductor device 10 illustrated in FIG. 1.
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As illustrated in FIGS. 6(a) and 6(b), the grounding wire
GND included as the third wiring layer 2¢ includes a main
wire 2cx and a protecting metal film 2¢y overlying the main
wire 2cx.

The main wire 2cx is comprised of a first metal material.
The first metal material is selected from, for example, any one
of silver, copper, aluminum and tungsten or combinations
thereof.

The protecting metal film 2¢y is provided to cover the main
wire 2¢x. Specifically, the protecting metal film 2¢y covers the
upper surface and the side surfaces of the main wire 2cx.

The protecting metal film 2¢y is comprised of a second
metal material having higher resistance to oxidation than the
first metal material. The second metal material is selected
from, for example, any one of gold, nickel, titanium, palla-
dium, and platinum or combinations thereof, and the second
metal material is more ductile than the first metal material.

Here, in the cut plane 2¢1 of the third wiring layer 2¢ (the
grounding wire GND), a cut plane 2¢x1 of the main wire 2¢x
is covered with the protecting metal film. 2¢y (FIG. 6 (a)).
That is, the cut plane 2¢x1 of the main wire 2cx is electrically
connected to the side portion 8c of the shield layer 8 through
the protecting metal film 2¢y.

Further, as described above, the cut plane of the third
wiring layer 2c¢ is an end surface of the third wiring layer
obtained by cutting the substrate 2 with the dicing saw. The
protecting metal film 2¢y is stretched or smeared when the
substrate 2 is cut by the dicing saw, and it is thereby spread
over and covers the cut plane 2¢x1 of the main wire 2cx and
adjacent surfaces of the cut end surface of the substrate as
illustrated in FIGS. 6(a) and 6(b). Additionally, as in the first
embodiment, the material of the main wire 2cx may also
become spread or smeared over the cut end portion of the
substrate 2, with the stretched or smeared portion of the
protecting metal film 2¢y stretched or smeared thereover.

Subsequently, an example of a method of manufacturing
the semiconductor device 10 having the configuration
described above is described. FIGS. 7(a) and 7(5) are cross
sectional views illustrating another example of a cross section
of the wiring layer before the substrate 2 is cut. In addition,
FIGS. 8(a) and 8(b) are cross sectional views illustrating
another example of a cross section and a cut plane of the
wiring layer after the substrate 2 is cut. Further, FIG. 7(a)
FIG. 8(a) illustrate regions corresponding to the region of the
wiring layer illustrated in FIG. 2(a). In addition, FIG. 7(b) and
FIG. 8(b) illustrate regions corresponding to the region of the
wiring layer illustrated in FIG. 2(5).

As illustrated in FIG. 3, Steps 101 to 103 are performed in
the same manner as the first embodiment.

Accordingly, the a wiring board substrate is cut together
with the wiring layers by the dicing saw and thus individual
substrates 2 are separated (singulated) therefrom to yield the
semiconductor devices (semiconductor packages) 10 without
the shield layer 8 yet formed thereon in Step 104.

Here, as illustrated in FIGS. 8(a) and 8(b), the size of the
cut plane 2¢1 of the third wiring layer 2¢ (the grounding wire
GND) formed by cutting the substrate 2 by the dicing saw is
larger than that of the cross section of the grounding wire
GND before the cutting thereof (FIGS. 7(a) and 7(5)).

Accordingly, the protecting metal film 2¢y is stretched or
smeared over the adjacent cut surfaces of the substrate 2 and
main wire 2cx1 when the substrate 2 is cut by the dicing saw
and thus is spread over, and covers the cut plane 2¢x1 of the
main wire 2¢x and adjacent cut surfaces of the substrate 2 as
illustrated in FIGS. 8(a) and 8(5). That is, the cross section of
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the main wire 2¢x formed by the dicing saw has a form of
being covered with a metal material having high resistance to
oxidation.

Here, FIG. 9 is a diagram illustrating an SEM image of the
cut plane of the wiring layer. Further, in FIG. 9, the first metal
material that configures the main wire 2¢x is Cu, and the
second metal material that configures the protecting metal
film 2¢y is Ni.

As illustrated in FIG. 9, the cross section of the third wiring
layers 2¢ formed by the dicing saw has a form of being
covered with the protecting metal film 2¢y having high resis-
tance to oxidation.

In this manner, after the dicing, until the shield layer 8 is
formed and while the singulated wiring substrate 2 are
exposed to atmospheric ambient conditions, the cross section
of the main wire 2¢x which is formed by the dicing saw may
be protected against corrosion (oxidation).

Subsequently, marking is performed (the concave portions
7 are formed) on the upper surface of the sealing resin layer 6
by laser beam irradiation in Step 105.

Subsequently, the shield layer 8 is formed by metal plating
or the like in Step 106.

That is, for example, a method of forming a copper film, a
nickel film, or the like by electroless plating or electroplating,
or a method of forming a copper film or the like by sputtering
is used to form the conductive shield layer 8 so that the upper
surface of the sealing resin layer 6 is covered and also the side
surfaces of the sealing resin layer 6 and the side surfaces of the
substrate 2 are covered. Accordingly, the shield layer 8 copies
the identification marks M which in the pattern of the under-
lying concave portions 7 on the upper surface of the sealing
resin layer 6 on the upper portion 8a.

Here, as described above, the size of the cut plane 2¢1 of the
grounding wire GND is larger than that of the cross section of
the grounding wire GND parallel to the cut plane of the
grounding wire GND (the inner surface of the side portion 8¢
of' the shield layer 8 (FIGS. 8(a) and 8(5)).

Therefore, it is possible to enhance the connection state
between the shield layer 8 and the grounding wire GND. That
is, it is possible to decrease the contact resistance between the
shield layer 8 and the grounding wire GND. According to this,
it is possible to further decrease the leakage of the extraneous
electromagnetic wave.

In this manner, it is possible to decrease leakage of elec-
tromagnetic energy (waves) in the semiconductor device
according to the present embodiment.

Further, in the embodiments described above, especially
with respect to FIG. 1, the electric connection between the
ground wire of the third wiring layer 2¢ and the side portion
8c of the shield layer 8 is enhanced.

However, with respect to FIG. 1, the electrical connection
between the grounding wire of the third wiring layer 2¢ and
the side portion 85 on the opposite side of the shield layer 8 is
described in the same manner. Furthermore, the electrical
connection between the grounding wire of the third wiring
layer 2¢ and two side portions (not illustrated) of the shield
layer 8 parallel to the paper surface of FIG. 1 is described in
the same manner.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
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claims and their equivalents are intended to cover such forms

or modifications as would fall within the scope and spirit of

the inventions.

What is claimed is:

1. A semiconductor device comprising:

a substrate comprising a plurality of wiring layers includ-
ing at least one grounding wire, a plurality of pad elec-
trodes on a surface thereof, and cut side surfaces;

one or more semiconductor chips provided on the sub-
strate;

external connection terminals provided on an external sur-
face of the substrate;

a sealing resin layer on an upper surface of the substrate on
which the semiconductor chips are provided, the sealing
resin layer encapsulating the semiconductor chips and
adjacent areas of the substrate; and

a conductive shield layer covering the sealing resin layer
and the cut side surfaces of the substrate,

wherein portions of the wiring layers have cut planes which
are exposed at one side of the cut side surfaces of the
substrate including a cut plane of the grounding wire,
which is electrically connected to the shield layer, and

an area of the cut plane of the grounding wire is larger than
an area of a cross section of the grounding wire parallel
to the cut plane at a location of the grounding wire
inward of'the one ofthe cut side surfaces of the substrate,
wherein the grounding wire includes a main wire that is
formed of a first metal material, and a protective metal
film that is formed of a second metal material having
higher resistance to oxidation than the first metal mate-
rial, the second metal material contacting at least a por-
tion of the main wire, and

wherein at the cut plane of the grounding wire, a cut plane
of the main wire is covered with the protective metal
film.

2. The device according to claim 1,

wherein the cut plane of the main wire is electrically con-
nected to a portion of the shield layer through the pro-
tective metal film.

3. The device according to claim 1,

wherein the protective metal film covers an upper surface
and a side surface of the main wire at the location of the
grounding wire inward of a cut side surface of the sub-
strate.

4. The device according to claim 1,

wherein the second metal material is more ductile than the
first metal material.

5. The device according to claim 1, wherein in the area

where the cut plane of the grounding wire is larger than an
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area of a cross section of the grounding wire parallel to the cut
plane, material of the grounding wire is spread over the cut
side surfaces of the substrate.

6. The device according to claim 1,

wherein the grounding wire is electrically connectable to
an electrical ground located external to the semiconduc-
tor device through an external connection terminal.

7. The device according to claim 1,

wherein the wiring layer includes:

a first wiring layer provided on the upper surface of the
substrate,

a second wiring layer provided on a lower surface of the
substrate, and

a third wiring layer provided between the first wiring
layer and the second wiring layer,

wherein the third wiring layer includes the grounding wire.

8. A semiconductor device, comprising:

a wiring board having at least one semiconductor chip
physically connected to a first surface thereof and a resin
layer disposed over and sealing the at least one semicon-
ductor chip and adjacent surfaces of the wiring board,
and at least one wiring layer having a cross sectional
area, the wiring layer extending to, and exposed at, a side
surface of the wiring board, the wiring layer comprising
at least one conductive metal:

a conductive layer located over the resin layer, the side
surface of the wiring board and the conductive metal of
the wiring layer;

the conductive metal of the wiring layer spreading over the
side surface of the wiring board outwardly of the cross
sectional area of the wiring layer inward of the side
surface of the wiring board, wherein the wiring layer
includes a first metal material and a second metal mate-
rial, the second metal material contacting at least a por-
tion of the first metal material; and

the second metal material spreads over the side surface of
the wiring board.

9. The semiconductor device of claim 8, wherein the sec-
ond metal material has a higher resistance to oxidation than
the first metal material.

10. The semiconductor device of claim 8, wherein the
second metal material is more ductile than the first metal
material.

11. The semiconductor device of claim 8, wherein the
wiring layer includes a grounding wire that is electrically
connectable to an electrical ground located external to the
semiconductor device through an external connection termi-
nal.



